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境中 6种酚类化合物测定的线性范围为 10.0~200.0 μg/L，检测限在 0.98~2.57 μg/L





的 VPDV-SBSE-LD-HPLC-DAD 分析方法。实验结果表明，该方法对水环境中 8



















建立了测定水环境中 5 种极性较强的苯胺类化合物的分析方法。经优化，对 5
种苯胺类化合物的分析测定线性范围为 1.0(3.0)~150.0 μg/L（其中 2,4-DNA 的线




磺胺类化合物的线性范围为 1.0~150.0 μg/L，检测限在 1.29~7.90 μg/L 之间，定





















Stir bar sorptive extraction (SBSE) is a novel sample preparation technique 
based on the same principles as those of solid phase microextraction (SPME). 
Because of simple operation, higher sample capacity, good reproducibility and 
environmental friendly characteristics, SBSE has been popularly applied to enrich and 
determine volatile and semi-volatile organic compounds in environmental, food and 
biological samples et al. In SBSE, the coating layer of extraction phase is vitally 
important to the extraction performance of the stir bar. Recently, there are few reports 
about novel coatings, which were difficult to prepare, easy to decompose and they 
also could not extract strongly polar compounds effectively. In order to solve the 
bottleneck of the development of SBSE, it is important to develop novel extraction 
phases that are stable, easy to prepare and have better affinities to polar compounds.  
Monolithic material is a novel separation media that has been applied widely, 
which is easy to prepare and also possess good permeability, stability and favorable 
mass transfer properties. Because of the advantages of monolithic material, we try to 
use it as extraction phase for coating layer in SBSE in this research. Several methods 
combining SBSE and liquid desorption, followed by high performance liquid 
chromatography with diode array detector (SBSE-LD-HPLC-DAD) for the directly 
analysis of phenolic compounds, aromatic amines in water and sulfonamides in milk 
were developed. The main contents and results of this research are as following: 
(1) A novel stir bar based on poly (4-vinylpyridine-ethylenedimethacrylate) 
monolithic material (VPED-SBSE) was prepared by in-situ polymerization. The 
effects of polymerization parameters on extraction efficiency were investigated; the 
operating conditions were also optimized in detail. Then, a SBSE-LD-HPLC-DAD 
method for the directly analysis of traces of phenolic compounds in water was 
developed. The method is simple to operate, environmental friendly and has high 
sensitivity and accuracy. The linearity range of the method was 10.0~200.0 μg/L. The 















The results can meet the first class standard integrated wastewater discharge standard 
(GB8978-1996). 
(2) Poly (N-vinylpyrrolididone-divinylbenzene) monolithic material by in-situ 
polymerization was prepared, which was used as coating layer of stir bar 
(VPDV-SBSE). The extraction performance for phenolic compounds in water was 
studied deeply. After optimization of the polymerization parameters and operating 
conditions, a SBSE-LD-HPLC-DAD method for the directly analysis of eight polar 
phenolic compounds in water was developed. The method was simple and had high 
sensitivity. The linearity range of the method was 5.0~150.0 μg/L, LODs and LOQs 
were in the range of 0.98~2.57 μg/L and 3.28~8.50 μg/L, respectively. The recoveries 
of water sample spiked with eight phenolic compounds varied from 55.2% to 95.9%. 
The method can satisfy the requirements of practical analysis. 
(3) A novel stir bar based on poly (vinylimidazole-divinylbenzene) monolithic 
material (VIDV-SBSE) was prepared. The effects of polymerization parameters and 
the operation conditions on extraction efficiency for five aromatic amines were 
evaluated. Then, a method for determination of five polar aromatic amines in water 
was established. After optimization, the linearity range of the method was 
1.0(3.0)~150.0 μg/L (linearity range of 2,4-DNA was 3.0~150.0 μg/L). The ranges of 
LODs and LOQs were 0.09~0.28 μg/L and 0.37~1.15 μg/L, respectively. The range of 
recoveries of water sample spiked with five aromatic amines was 55.2%~95.9%. Then, 
the stir bar was also used to detect sulfonamides in milk. The results showed that 
sulfonamides in milk sample can be extracted effectively after simple dilution without 
steps to eliminate the fats and proteins. Under the optimum conditions, the linearity 
range of the method was 1.0~100.0 μg/L. LODs and LOQs were in the range of 
1.29~7.90 μg/L and 4.29~26.3 μg/L, respectively. The recoveries varied from 54.8% 
to 126% for sulfonamides in all milk samples. 
Keywords: Stir bar sorptive extraction (SBSE); monolithic material; poly 
(vinylpyridine-ethylenedimethacrylate); poly (vinylpyrrolididone-divinylbenzene); 
poly (vinylimidazole-divinylbenzene); high performance liquid chromatography; 


















SBSE Stir Bar Sorptive Extraction 搅拌棒吸附萃取 
SPME Solid Phase Microextraction 固相微萃取 
LLE Liquid-Liquid Extraction 液-液萃取 
SPE Solid Phase Extraction 固相萃取 
SFE Supercritical Fluid Extraction 超临界流体萃取 
ME Membrane Extraction 膜萃取 
ASE Accelerated Solvent Extraction 加速溶剂萃取 
MAE Microwave Assisted Extraction 微波辅助萃取 
TD Thermal-desorption 热解吸 
LD Liquid-desorption 溶剂解吸法 
P(VPED) Poly (4-vinylpyridine-ethylenedimethacrylate) 聚（4-乙烯基吡啶-乙
二醇二甲基丙烯酸酯） 
P(VPDV) Poly (N-vinylpyrrolididone-divinylbenzene) 聚（N-乙烯基吡咯烷酮
-二乙烯基苯） 




SBSE-LD-high performance liquid 
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相萃取（Solid Phase Extraction，SPE）[2]、超临界流体萃取（Supercritical Fluid 
Extraction，SFE）[3-5]、膜萃取（Membrane Extraction，ME）[3]、加速溶剂萃取
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1.1 SBSE 简介 
SBSE技术由Sandra P等在 1999年首先提出并由德国Gerstel公司商品化[33]，
SBSE 的制备方法为在内封磁芯玻璃管上涂覆一层聚二甲基硅氧烷（PDMS）或
套上一定厚度的 PDMS 硅橡胶管（其结构示意图如图 1.1）。萃取时，搅拌棒在
自身完成搅拌的同时对目标物进行吸附，避免了 SPME 中搅拌子对目标物的竞
争吸附问题。SBSE 的固定相体积比 Fiber-SPME 和 In-tube SPME 的固定相体积
大 50 倍以上，因此萃取容量相应提高，适合分析样品中超痕量组分。 
 
图 1.1 SBSE 搅拌棒的结构示意图 
Fig.1.1 Schematic of stir bar for SBSE 
1.2 SBSE 原理 
SBSE 是在 SPME 技术的基础上发展起来的，二者首次被提出均基于同样的
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